Background: In Western countries the prevalence of Helicobacter pylori (H. pylori) infection may be declining but there is a lack of recent longitudinal population studies. We evaluated the changing epidemiology over a 23-year period in Sweden. Materials and methods: In 1989, the validated Abdominal Symptom Questionnaire (ASQ) was mailed to a random sample of inhabitants (ages 22-80 years) in a Swedish community, and 1097 (87%) responded. H. pylori serology was analysed in a representative subsample (n ¼ 145). Twenty-three years later, the ASQ was mailed again using similar selection criteria, and 388 out of 1036 responders had an upper endoscopy with assessment of H. pylori and corpus atrophy status. Results: The prevalence of positive H. pylori serology decreased from 37.9% (1989) to 15.8% (2012), corresponding to a decrease in odds of 75% per decade (odds ratio (OR): 0.25; 95% confidence interval (CI): 0.11-0.59, p ¼ 0.001) independent of age, gender, body mass index (BMI) and level of education, with a pattern consistent with a birth cohort effect. The prevalence increased with increasing age (p ¼ 0.001). The prevalence of H. pylori on histology in 2012 was 11.4% (95% CI 8.6-15.0). The prevalence of corpus atrophy on serology and/or histology in 2012 was 3.2% (95% CI 1.8-5.5); all cases were !57 years old. Conclusion: The stomach is healthier in 2012 compared with 1989. H. pylori prevalence in adults has decreased over the last two decades to a level where clinical management might be affected.
Introduction
Humans have probably been living in symbiosis with Helicobacter pylori (H. pylori) from time immemorial. The earliest evidence of H. pylori infection dates back 58,000 years. 1 The true infection rate at different time epochs is uncertain, although an increase in prevalence during the 19th century is assumed from an increase in H. pylori associated diseases. 2 It is one of few infections that causes a chronic inflammatory response without causing disease or symptoms in a majority of those infected. The infection will cause peptic ulcer disease, gastric cancer or mucosa-associated lymphoid tissue (MALT) type lymphoma in only a minority of infected individuals. 3, 4 Subclinical malabsorption of nutrients may appear in older individuals with H. pylori because of associated gastric atrophy. 5 The diseases related to H. pylori are proportionally uncommon and mostly arise in elderly individuals.
The proportion of infected adults decreases with increased prosperity, [6] [7] [8] and most people are likely infected in childhood. The decrease in prevalence in older age in developed countries is presumed to represent a birth cohort effect 9 so that when the next generation of children grow up they will likely retain their lower prevalence throughout their lives. A decrease of H. pylori infection in adults from Europe and North America has been observed, but there are only a few longitudinal population-based cohort studies published, most of them confirming this. [10] [11] [12] [13] Respected clinical guidelines recommend that younger patients with uninvestigated dyspepsia should no longer be investigated by the 'test & treat' strategy when the prevalence falls below 10-20%. 6, 14 Thus, a decrease in the prevalence of H. pylori infection would result in important implications for clinical practice.
The aim of this study is to investigate longitudinally how the natural history of H. pylori infection in an adult Swedish population has changed over 23 years, and also to evaluate the current status of chronic corpus gastritis in a Swedish population.
Methods
The study is a part of the LongGerd study, a longitudinal population based study on gastrointestinal symptoms, with surveys in 1988, 1989, 1995, as previously described, 15, 16 and in 2011/2012, outlined in Figure 1 . We report the natural history of H. pylori infection assessed using serology from two LongGerd substudies in 1989 and in 2012, and also the prevalence of gastric corpus atrophy in 2012.
Settings
The 1989 study. The municipality of Ö sthammar had 21,338 inhabitants on 1 January 1988, living in either urban (67%) or rural (33%) areas. At the time, the distribution by age, gender, family size, income, occupation and other socioeconomic variables was largely similar to the national average. Ninety-six percent of the residents were Swedish citizens. 15 The 2011/2012 study. In December 2010, the municipality had 21,373 inhabitants. The distribution of inhabitants living in either urban or rural areas, age, gender, family size, income and occupation was still similar while the level of education was slightly better than the national surveys targeting equally sampled samples of the adults in the Östhammar community, Sweden, on four occasions, and the subsample studies on two occasions analysed in this study: the first on Helicobacter pylori (H. pylori) serology in 1989 (n ¼ 145) and the second on H. pylori detected by both serology and histology in 2012 (n ¼ 388). The sample approached by mail in 1989 originates from the 1988 mail study. The 1995 mail study is included to visualise the complete sampling procedure, as individuals for the 2011 study (n ¼ 305 as shown in Figure 2 ) were recruited here. The two parts of the project used in this study are highlighted in dark blue. Target population size, response rate and age range and gender distribution in responders are also shown. OEGD ¼ oesphagogastroduodenoscopy.
average. Ninety-two percent of the residents were Swedish citizens. 17 In September 2011, 16,680 inhabitants aged 20 years and older lived in the community.
Procedures
Mail surveys overview. The four mail surveys are outlined in Figure 1 . The previous studies from 1988, 1989 and 1995 have been described in detail. 15, 16 In short, a validated questionnaire on abdominal and gastrointestinal symptoms, the Abdominal Symptom Questionnaire (ASQ) 15, 18, 19 was mailed to all adults in the Ö sthammar community born on day 3, 12 or 24 of each month, a sampling procedure equivalent to random sampling that allowed us to follow the same participants over time.
The questionnaire in the 1989 study was sent to the same participants as in the 1988 study. In 1995 all new inhabitants 20-27 years old with the same dates of birth were also included. 16 An identical sampling procedure was followed in the 2011 survey for all inhabitants 20 years of age or older. The number of new participants in the 1995 and the 2011 studies are shown in Figure 2 , sampling level A. #Different sample levels as explained in the text. viduals responded to the ASQ. The non-responders did not differ from the responders aside from a slight overrepresentation of young men among the latter 15 and the high participation rate suggests excellent generalisability.
H. pylori serology study 1989. Among the 1097 responders in the 1989 mail study, 150 stratified case-controls matched for age, gender and socioeconomic status, 50 with the irritable bowel syndrome (IBS), 50 with dyspepsia (including reflux symptoms) and 50 symptom-free, 20 visited a research laboratory. Of those responders, 145 provided a blood sample for H. pylori serology (see Figure 1 ) and 55 (38%) were seropositive. There were no statistical significant differences in terms of being H. pylori positive between the three symptom groups (33%, 33% and 48%, respectively, p ¼ 0.4), and there was no significant association between H. pylori seropositivity and education level or gender. 20 The 145 individuals with H. pylori serology did not differ in statistically significant ways from the other responders in the 1989 mail survey, in terms of age (mean 47.7 vs 48.9 years) or proportion with higher education (30.1% vs 30.9%), although there were significantly more women (63.4% vs 50.1%, p ¼ 0.003). This was due to the sampling strategy based on IBS, a diagnosis more common in women.
2011 Mail survey. A flowchart for the 2011 mail survey and 2012 oesophagogastroduodenoscopy (OEGD) study is presented in Figure 2 . In September 2011, a new ASQ mail survey to a representative sample 20 years or older in the community was conducted using the same sampling procedure as in previous surveys (n ¼ 1645). After exclusion of two individuals with protected identity, nine individuals who had moved out of the country and four individuals who had denied participation in the prior studies, 1630 community residents remained. In addition, we included all participants from the three prior investigations who were still alive but had moved out of the community (n ¼ 294). This strategy gave a final study population of 1924 individuals, 1757 of them below 80 years old (sampling level B in Figure 2 ). Because 61 individuals were unavailable (reasons given in Figure 2 ), 1863 individuals (sampling level C) were mailed the ASQ in late 2011. A total of 1175 individuals (63.1%) responded. Of the responders, 1073 individuals were <80 years old (sampling level D).
Of the 688 non-responders, 644 were <80 years old and were eligible for the OEGD study. The 644 nonresponders were significantly younger (mean 46.4 years) than the 1034 responders eligible for OEGD (mean 48.3, 95% CI: 45.2-51.3 years old, p < 0.001 adjusted for gender) but there was no significant difference in proportion of women between non-responders (48.0%) and responders (51.7%, p ¼ 0.21 adjusted age). They were approached by telephone in the nonresponse study and 308 (47.8%) replied, 64 replied but declined further questions, 119 did not reply on three attempts, 113 had no official phone number, and 40 were not called. We asked all who replied seven key ASQ symptom questions and their level of education. There were no significant difference in proportion with higher education (73.7% vs 60.5%, p ¼ 0.47 adjusted age and gender) prevalence of reflux symptom (heartburn and/or acid regurgitation) (22.4% vs 24.5%, p ¼ 0.40) or epigastric pain or discomfort (10.4% vs 10.8%, p ¼ 0.41 adjusted age and gender) between the 308 interviewed non-responders compared to the responders <80 years (Level D in Figure 2 ). Any non-response bias therefore appears to be minimal in the 2011 mail survey.
H. pylori serology and histology OEGD study 2012. The ASQ study was performed by mail in November-December 2011, and the OEGD study was carried out in January-April 2012. The continuing sampling procedure is shown in Figure 2 . As described above, 1175 of the responders to the 2011 mail survey, 1073 individuals were <80 years of age (sampling level D in Figure 2 ). As 32 individuals lived more than 200 km from the research centre and seven could not make time during the OEGD study, 1034 individuals were eligible for the OEGD study (sampling level E).
Experienced research assistants, with special training in contraindications, invited the eligible participants to the research endoscopy unit by telephone, gave verbal information on informed consent and sent those who accepted OEGD written information and an appointment for the OEGD. Of the 1034 individuals eligible for OEGD, 42 could not be reached by telephone on three attempts. Forty-five had medical contraindications, leaving 947 available for the OEGD study (sampling level F in Figure 2 ). Of the 947 available individuals, 402 (42.5%) accepted to participate and signed a written informed consent form. Of these, 14 individuals refused the OEGD onsite or discontinued the procedure early and 388 (40.8%) completed the OEGD (sampling level G in Figure 2 ).
Although responders to the ASQ below <80 years of age, level D in Figure 2 , were slightly older than nonresponders to the ASQ (mean age difference 1.9 years), there were no significant differences regarding age, gender distribution or level of education between the OEGD participants (level G) and those eligible for endoscopy but who declined the procedure (545 þ 14 individuals at level F). Hence endoscopy participants are considered representative of the study population.
OEGD. Just before the OEGD, blood samples for standard blood tests and serology were taken and stored in À70 C. At the OEGD, biopsies for histology were taken from multiple sites.
Five experienced endoscopists participated. A consensus meeting led by an external expert (Lars Lundell) reviewed multiple video recordings according to the study protocol before the study commenced. Each endoscopist was monitored on the first day by the project leader (LA).
The endoscopists were unaware of the medical history including H. pylori status or any current or previous symptoms. The participants were offered pharyngeal local spray. No sedation was used except 5-10 mg diazepam sublingual in 20 cases. The OEGD findings were recorded and locked before a complete medical history including drug use was taken.
Variables
H. pylori serology 1989. In the 1989 study serum samples were analysed for anti-H. pylori Immunoglobulin G (IgG) by using the commercially available HM-CAP does not seems to short of anything, it is simply the name of the assay, immunoassay (Enteric Products Inc., Westbury, New York, USA). The assay had a sensitivity of >98% and a specificity of 100%. 21, 22 H. pylori serology and serology for gastric atrophy 2012. Serum for a test panel on levels of Gastrin-17, pepsinogen I and IgG class antibodies to H. pylori were taken. To detect H. pylori infection, the specific enzyme immunoassay (EIA) test of the panel was used (GastroPanel, Biohit PLC, Helsinki, Finland). The sensitivity and specificity of the IgG enzyme-linked immunosorbent assay (ELISA) assay to detect H. pylori in comparison to culture is 96% and 97%, respectively. 23 The whole test panel delineates, in addition, individuals with a normal stomach from those with moderate or severe atrophic corpus gastritis or with an on-going H. pylori infection with a sensitivity and specificity of 95% and 93%, respectively. 24 Gastric biopsies for H. pylori status and gastric atrophy 2012
Two biopsies were taken from both the antrum and the corpus for haematoxylin and eosin (H&E) and Warthin Starry (WS for H. pylori) staining, and assessed by the Sydney System 25 by two experienced pathologists (MV and LV). Autoimmune gastritis was diagnosed as described by Goncalves et al. 26 The pathologist was blinded when doing the histology report, but afterwards the histology for the participants that were H. pylori positive on serology and negative on WS staining on histology was reviewed.
Education
The participants were asked about their level of education which was rated on a five-point scale (1: elementary, 2: comprehensive, 3: secondary, 4: upper secondary, 5: university). The level of education was dichotomised as lower (level 1-3) or higher (level 4 and 5).
Body mass index (BMI)
The BMI was calculated as weight (kg)/(height (m)) 2 .
Tobacco use
Daily smoking and use of snus (smokeless tobacco or moist snuff) was recorded (yes/no). The two forms of tobacco were analysed separately due to potentially different effects on upper gastrointestinal symptoms and diseases. 27 
Age groups
The results are shown for the age groups in the two samples who were 22-44, 45-55 and 56-80 years old in 1989 and 2011 ( Figure 3) . The age cut-offs were chosen to investigate the change in H. pylori positivity over time and if the change was consistent with a true birth cohort effect 9 as has been postulated for H. pylori positivity. 28, 29 In order to maximise the number of Table 2 ). individuals in each study (1989 and 2012) who could possibly have participated in both studies 23 years apart, we compared the age group 22-56 years old in 1989 (n ¼ 63) with the age group 45-79 years old in 2012 (n ¼ 200) regarding the prevalence of H. pylori positivity, as visualised in Table 1 and Figure 3 . Altogether, 32 individuals participated in both studies, i.e. constituted a true birth cohort.
Statistics. Differences in demographic variables between responders to the ASQ and those in the study population who did not respond to the ASQ, and between OEGD participants and participants available for OEGD that did not have an OEGD, were calculated using logistic regression. Logistic regression was also used to test if there was a difference in H. pylori seropositivity between participants that smoked and participants that did not smoke, and between participants that used snus and participants that did not use snus, adjusted for gender, age and level of education.
Change in H. pylori positivity over time was calculated using mixed effect logistic regression with H. pylori positivity as the dependent variable and time as the independent variable, adjusted for age and gender. In further analyses, level of education and BMI were included as independent variables to investigate the association between level of education and BMI and H. pylori positivity, and interaction terms between gender and time and BMI and time were used as independent variables to test if gender or BMI affected the change in H. pylori positivity over time.
All analyses were performed in STATA 13 using a two-sided alpha-level of 0.05 to test for statistical significance.
Ethics. The 1989 study was approved by the Ethical Review Board of the Medical Faculty of Uppsala University (Dnr 1989 §220). Approval for the 2011-2012 study was obtained from the Ethics Committee of Uppsala University on 26 January 2011 (Dnr 2010/443).
Results

H. pylori serology status 1989 and 2012
The overall prevalence of H. pylori positivity on serology was 37.9% in the 1989 survey and 15.5% among those endoscoped (missing data ¼ 2) in 2012 (p < 0.0001, Table 2 ). Table 2 shows detailed data for the overall prevalence and the prevalence in the three age groups. This is also visualised in Figure 3 . The prevalence of H. pylori positivity was statistically significantly lower in 2012 compared to 1989 for all three age groups.
As shown in Table 2 and Figure 3 , the prevalence of H. pylori seropositivity was 24.0% in the 96 individuals within the age range of 20-44 years in 1989, and 18.8% in the 295 individuals with the corresponding age range 23 years later (56-80 in 2012, p ¼ 0.13).
A total of 32 individuals participated in both serology studies (1989 and 2011), thus constituting a true birth cohort. In 1989 when all were 56 years old, ASQ: Abdominal Symptom Questionnaire; CI: confidence interval; OEGD: oesophagogastroduodenoscopy; n.a.: data not available. The proportion of women, mean age and (when applicable) proportion with higher education among the participants at four of the levels described in Figure 2 for all participants and for those <80 years old as that was an eligibility criterion for upper endoscopy. The statistical analysis are adjusted for age and gender. a p 0.01; b n ¼ 305; c n ¼ 1151; d n ¼ 1052,; e n ¼ 931; f n ¼ 381.
seven (22%) of these were positive on H. pylori serology and three of those were still positive in 2012. All four that had a seroreversion had been prescribed antibiotics three times or more since 1995. Of the 25 (78%) seronegative participants in 1989, one had a seroconversion over the years. This person had a borderline absorbance value just below the cut off level in 1989, and just above the cut off level in 2012, with the 1989 value likely a false negative. There were no association between H. pylori positivity and level of education (p ¼ 0.34) or BMI (p ¼ 0.94) tested in a separate analysis (altogether 325 participants, 350 observations, data not shown). In addition, there were no interaction effects of time and gender, level of education or BMI, thus, there were no differences in the reduction in H. pylori positivity between men and women (p ¼ 0.99) or between levels of education (p ¼ 0.90), and BMI was not associated with the reduction in H. pylori positivity (p ¼ 0.44, data not shown).
H. pylori histology status 2012
Out of 379 individuals with histology data, H. pylori was found in 43 individuals (11.3%, 95% CI 8.5-14.0). In the three groups aged 20-45, 46-55 and 56-80 years, respectively, the prevalence was 6.3% (95% CI 2.4-12.4), 8.6% (95% CI 4.4-16.0) and 15.5% (95% CI 11.0-21.1).
Comparing H. pylori status histology and serology 2012
In 376 individuals, the test outcome for H. pylori was available on both histology and serology. Of the 43 individuals where H. pylori was detected on histology, 42 (98%) were positive also on serology. Of the 58 out of the 376 individuals who were seropositive, 16 (28%) had no H. pylori seen on histology. When these cases were reviewed, five of them had an active gastritis at some level in the antrum and/or corpus, most possibly due to bacteria suppressing treatments, which might be indicative of false negative outcome on the WS staining for H. pylori.
Prevalence of corpus atrophy 2012. The prevalence of corpus atrophy assessed by histology was 2.6% (95% CI 1.0-4.8, n ¼ 10, of whom seven had slight atrophy, three moderate atrophy, none severe atrophy, nine out of 388 missing data). Five of the 10 were H. pylori positive on histology. Four were classified as autoimmune gastritis, all negative for H. pylori on histology but two of them were positive for H. pylori on serology. All 10 were 57 years or older, with a median age of 70 years. The prevalence of corpus atrophy as assessed by serology was 1.8% (95% CI 0.9-3.7, n ¼ 7, H. pylori seropositive n ¼ 4, out of 386 with complete data). All were 57 years or older, with a median age of 69 years.
Five individuals had corpus atrophy on both measurements (on histology four of them had slight and one severe atrophy). Altogether, 3.2% (95% CI 1.8-5.5, n ¼ 12, women n ¼ 6) of the population had corpus atrophy on either histology or serology.
Tobacco use
There were no significant difference between smokers and non-smokers (OR: 0.75; 95% CI: 0.31-1.84, p ¼ 0.53) or those who used snus and those who did not (OR 1.65; 95% CI 0.71-3.84, p ¼ 0.24) in the prevalence of H. pylori seropositivity when controlled for age, gender and level of education.
Discussion
We found that the prevalence of H. pylori-infected adults has significantly decreased over the past two decades in all age groups, and the vast majority of older people do not have gastric corpus atrophy. We also found that H. pylori status did not change significantly over time in participants who were 22-56 years old in 1989 and 45-79 years old in 2012, supporting a birthcohort effect likely related to acquiring the infection in childhood and not in adulthood. 9, 28, 30 The decreasing trend of infection when comparing these two samples (as shown in Table 2 and Figure 3 ) is probably explained by some of the adults having had antibiotic treatment for other reasons over the years, as illustrated by the four out of 32 individual who seroreverted over the years.
The overall reduction of odds of H. pylori infection corresponding to 75% per decade is independent of age. Consequently, the 11% increase in H. pylori infection prevalence per year of age reported in the present study is adjusted for the change with time and thus represents the association between age and H. pylori seropositivity at a single time point.
The majority of the few longitudinal studies on H. pylori prevalence report a general decline in H. pylori infection rate. In a Japanese study, 552 adults had their H. pylori serology status analysed twice and 52 (11.2%) out of the 464 (84.1% of all) H. pylori-positive in 1986 had seroreverted by 1997. 11 Kosunen et al. showed that the age-adjusted seroprevalence rate declined from 56% to 31% in Finland between 1973 and 1994 (p ¼ 0.001). 10 Paired serum samples collected in 1973 and 1994 showed that the individual antibody status remained unaltered over the years in 92% of the cases. In the Norwegian Soerejsa case-control study on dyspepsia in the general population, 272 individuals were tested for H. pylori by culture from biopsies in 1987 and by faeces in 2004. Of the 140 H. pylori-positive individuals in 1987, 39 (28%) were negative in 2004, 19 had been prescribed triple therapy for eradication, and the remaining 20 individuals (14%) may have cleared of H. pylori by other antibiotic treatment. 12 In contrast, one Danish population-based cohort study reported a stable prevalence of seropositive of H. pylori infection: 24.7% in 1983 and 24.5% in 1994. 31 Two earlier Swedish point prevalence studies from the general population are also of interest. One study from the south of Sweden from the early 1990s, showed that the prevalence of H. pylori seropositivity increased with age and was 7% among those 10-19 years old and 60% among those aged 69 years or older. 32 In a study from Northern Sweden from 2000, 33.9% of the participants (mean age 53.5 years) had signs of current infection on either histology or culture, and 43.0% were seropositive for H. pylori. Recently a population-based study over 19 years, also from the Northern Sweden, was published, reporting a decreasing prevalence of the infection with comparable numbers albeit no exact prevalence rates were reported. 13 The agreement between serology and histology markers for corpus atrophy in the present study was relatively low. In a previous Swedish study, 24 corpus atrophy was found in 7.1% on either histology or serology 24 compared to 3.2% in the present study (p < 0.005). In the former study, 46% of those having corpus atrophy had 'severe' atrophy reported (data on file), versus none in this study. The analysis was done by the same team of pathologists (Institute of Pathology Klinikum Bayreuth, Germany). The poor agreement between serology and histology in our present study might be because of the low numbers, missed atrophy on histology because it may be patchy, or most likely the absence of any severe gastritis making serology testing less useful. 24 Cases with corpus gastritis without persisting or prior H. pylori infection may still occur, as a proportion of those with autoimmune gastritis is independent of H. pylori. 33 However, overall our data suggest that stomach health increases continuously over time.
It is apparent that the prevalence of H. pylori infection in Sweden is decreasing and may have declined to under 10% among younger people, at least in parts of Sweden. The rapid decrease is somewhat surprising as socioeconomic status has not improved that much, but antibiotic treatment for other infections besides true eradication cures may be a part of the explanation as 20-25% of all Swedish adults receive an antibiotic prescription annually (no cumulative data available). 34, 35 The low prevalence rate in the present study is below the level where 'test & treat' is currently recommended in the management of younger patients consulting for dyspepsia 6, 14 although this position has recently been questioned. 36 The theory of evolution postulates that there is likely a survival benefit for the host for organisms that thrive inside their body. One theory as to why H. pylori has thrived in the human stomach could be that the hyperacidity in the stomach that occurs with antral H. pylori infection in young and middle aged individuals was beneficial before we began cooking our food and all foods consumed were raw. Most people at that time would have died before corpus infection or hypoacidity, which occur at an older age. There has been speculation on the benefits of being infected in modern times. For example, the lower prevalence of the infection may be a link to the epidemic of obesity, 8, 37 although we could not find support for an association between BMI and the change in H. pylori infection rate over time. Furthermore, a common hypothesis is that the prevalence of gastroesophageal reflux disease, Barrett's oesophagus and adenocarcinoma of the distal oesophagus has increased 38 as fewer individuals would have H. pylori-induced hypoacidity at older age. Notably, overall mortality may not be increased in those infected; the increased risk of gastric cancer has been reported to be balanced by a decreased risk of stroke and also lung and pancreas cancer. 39 Although doubts have recently been raised about the positive health associations of H. pylori infection, 40 understanding the natural history of H. pylori infection in the modern era is most likely important for our understanding of human health outcomes.
A strength of the present study is that it is carried out on a representative sample of the general population. The mail survey in 1989 had only minor nonresponse bias 15 and the 2011/2012 mail and OEGD survey had only a minor, probably clinically insignificant, effect of age so that responders were somewhat older than non-responders. The study was repeated in the same population applying an identical sampling technique, and 32 persons participated in both surveys, making calculations on a true birth cohort effect possible, although it would have been desirable to have more participants with repeated data. Our data on reasons for seroconversion in the four of them that seroreverted strongly supports a birth cohort effect as the main explanation for the decrease in H. pylori seropositivity over time, and there is no reason to believe that the rest of the individuals in the youngest group 1989 and oldest group 2012 would have had a different pattern of seroconversion. Another weakness is that we do not have histology data on current infection in the initial cohort, but the prevalence of seropositivity was comparable with the findings in other Swedish studies. 13, 32, 41 Another point is that the stated prevalence of H. pylori by means of WS staining might be underestimated by five cases. This means that the true prevalence on histology might have been up to 12.7% instead of 11.3% due to proton pump inhibitor (PPI), non steroidal anti-inflammatory drug (NSAID), or acetylsalicylic acid (ASA) use (all five used at least one). As the latter figure is given by the standard methodology for histology diagnosis of H. pylori, it is used as the main outcome.
Smoking tobacco or using snus did not affect the prevalence of H. pylori seropositivity. This is not surprising since the vast majority of sufferers get infected in early childhood 3 when you do not smoke tobacco or use snus. The number of cases with corpus atrophy was too few for a valid analysis of this issue.
The level of education data in 1989 and 2011 is not completely comparable due to changes in the education system but this did not influence the results, as confirmed by the interaction model where level of education had no impact on H. pylori infection rate change over time. Another potential drawback is the use of different serological kits in the two investigations. The HM-CAP test was not commercially available in 2012 and we used the GastroPanel assay from Biohit, Helsinki in the 2012 cohort. However, as both assays showed excellent and comparable accuracy in Swedish validation studies as shown in the Methods section, 22, 23 this most probably did not introduce any substantial bias.
To conclude, the stomach is becoming healthier in Europe. The proportion of individuals in the adult population with H. pylori infection has decreased dramatically over the past 23 years, and the prevalence of corpus atrophy is remarkably low. These changes towards a more 'healthy stomach' in older age certainly provide health benefits but maybe also new health risks. The falling prevalence of H. pylori may also have important clinical implications for the management of uninvestigated dyspepsia in younger patients.
